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LETTER OF TRANSMITTAL. 



U. S. Depaktmext of Agriculture,- 

Office of Experiment Stations, 
Washington, D. C, November 30, 1904. 
Sir: I have the honor to transmit herewith an article on beans, 
peas, and other legumes as food, prepared by Mrs. Mary Hinman 
Abel, in accordance with instructions given by the Director of this 
Office. 

A. number of popular bulletins have been published by this Depart- 
ment in the past, summarizing the available information on different 
food materials which enter largely into the diet of most families. 
The present article is similar in scope to those published earlier. 
Mrs. Abel has made an extensive study of the literature of the sub- 
ject, and has also embodied the results gained by practical experience 
and many experiments, some of which were undertaken especially in 
connection with the present work. The relatively small number of 
definite investigations on the comparative value of difl'erent legumi- 
nous vegetables, and the lack of data regarding the effects of different 
methods of cooking, upon digestibility and similar topics emphasizes 
the need of more knowledge. 

In preparing this revision of the bulletin some results of investiga- 
tions, which have appeared since it was first issued, have been added. 

Some of the illustrations used are from original drawings, others 
are adapted from Vilmorin-Andrieux's " Vegetable Garden," and 
other well-known works. 

It is believed that this article is a useful summarjr of available 
information on the subject, and its publication as a Farmers' Bulletin 
is therefore recommended. 

Respectfully, A. C. True, 

Director. 

Hon. James Wilson, 

Secretary of Agriculture. 
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BEANS, PEAS, AND OTHER LEGUMES AS FOOD. 



INTEODUCTION. 

The word legume is used by botanists to denote the Dne-celled two- 
valved seed pod, containing one or more seeds, borne by plants of the 
botanical order Legimiinosaj. The most common representatives of 
this family which are used as food are the various kinds of beans and 
peas. In common usage the term is applied to the plants themselves, 
Avhich arc hence called leguminous plants or legumes. The term 
pulse is also sometimes applied to this class of plants. The papilio- 
naceous or butterfly-shaped flowers and the pendent pods of the pea 
and bean are familiar in every garden, Avhile the ripened seeds of the 
pea, bean, lentil, and peanut are among the standard food stuffs 
offered in our markets. Taking the world over, the legumes are, next 
to the cereals, the most valuable and the most extensively used among 
vegetable foods. The seeds are eaten green, either alone or with the 
pod, as in the case of string or snap beans and edible podded peas, and 
also in the fully ripened state, as split pea, dried bean, lentil, and pea- 
nut. Most species of the pea and bean have been greatly improved 
by the gardeners' art. 

GEOGEAPHICAL DISTEIBUTION. 

Representatives of the legume family are found in all climates and 
countries. The_ pea and bean grow rapidly, three to four months 
being sufficient to bring most varieties to maturity, and consequently 
they can be grown in the short summers of far northern lands, the 
pea, the most hardy of them, at least as far as G7° north latitude; 
and, as they also stand high temperatures, they are all largely culti- 
A^ated in tropical and subtropical regions. The pea is the favorite 
legume of middle and northern Europe, while in the Mediterranean 
countries the bean is grown more generally than the pea. In nearly 
all sections of our own country both the pea and bean are grown 
extensively, and are even exported. Peanuts of a superior quality 
are cultivated in our Southern States. So far as can be learned, the 
lentil is at present grown in this country only to a small extent in the 
southwestern portion of the United States. 
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THE BEAN. 

This valuable legume is known to have been cultivated by the 
Egyptians, the Greeks, and the Romans. The Romans used the broad 
bean (Vicia faba) in voting and in certain ceremonies. Early voy- 
agers to the Western Continent speak of beans and peas as being cul- 
tivated by the Indians in different parts of North and South America, 
and we know that the Algonquins had one and perhaps two varieties 

of pole beans. The Indian 
name for the bean means 
" to wind about." Cham- 
plain, in 1604, describes the 
planting of what he calls 
the " Brazilian bean " in 
the region of the Kennebec. 
He says it grew 5 to 6 feet 
high and wound around the 
corn. It is certain that be- 
fore 1600 A. D. beans were 
cultivated as far north as 
the St. Lawrence, and they 
were recognized by travel- 
ers as " proper to the coun- 
try." Bean flour is spoken 
of as in use among the Az- 
tecs. Beans are now widely 
distributed, one or more va- 
rieties being grown in all 
temperate, tropical, and 
subtropical countries. 

The main species of beans 
are briefly discussed below. 

BROAD OB, WHTBSOB BEAIT 

(Vicia faba). 

This is the " bean of his- 
tory," or that which was ear- 
liest cultivated. This bean 
(fig. 1) grows erect, about 2| feet high, has a square, reddish stem, 
and the leaves are made up of oval leaflets. The pods are broad, 
thicker at the end, and generally curved and pendent, containing 
thickish, bulging seeds. Several varieties are grown in Europe, 
both for fodder and for human food, but it does not continue as long 
in bearing as other beans. It is said to be more generally eaten there 

121 




FiQ. 1.— Broad or Windsor bean. 



9 



by the poor than by the wealthy, but, as it has a distinct and agree- 
able flavor of its own, quite different from the kidncA' bean, it should 
be better known among us. It is gathered when full grown, but 
unripe, as it is then best flavored. The Broad Windsor is perhaps the 
best known of the cultivated varieties but it is less successfully grown 
in the United States than in Europe, the climate being apparently 
unsuited to its best development. It is imported to some extent in 
exchange for varieties grown here. 

KISNEIT BEAN (Phaseoliis vulgaris) . 

This species, with its numerous varieties, comprises all beans, ordi- 
narily used among us except the Lima bean. It is a native of a warm 
climate, probably of South America, ^ 
and was introduced into Europe in 
the sixteenth century. It was not 
known to the ancients. It has since 
become very important, chiefly be- 
cause varieties of it are easily pro- 
duced by the gardener and the qual- 
ity thus improved by cultivation. 
What is called the " keel " in papil- 
ionaceous flowers is somewhat re- 
duced in the kidney bean and with 
the pistil is spirally coiled. Cross 
fertilization with different varieties 
is said to be easily brought about. 
It is naturally a climber, but dwarf 
varieties have been developed which 
we call bush beans, which arc used 
both as string or snap beans and as 
dried beans. This bean grows rap- 
idly, flowering and seeding earlj'. It 
has large, rough leaves, made up of 
three leaflets, and the butterfly-shaped blossoms, in clusters of from 
two to eight, start at the axils of the leaves. The pods and seeds 
are variously shaped and colored. The kidney beans may be divided 
into two groups— tough podded and edible podded (fig. 2), there 
being both bush and polo varieties of each group. A great number 
of varieties have been developed, each locality having its own favor- 
ites, and the tendency of growers to rename standard varieties or 
those which have developed only unimportant differences tends to 
confuse the nomenclature. The many " wax " beans belong to this 
species. Most of the " shell " beans which are eaten before fully ripe 
are of the pole varieties. The prejudice against beans that grow dark 
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in cooking is unfortunate, since many of them are of fine quality and 
full flavored. 

LIKA BEAN' (Phaseolus lunatus) . 

This bean is of South American origin, a tall climber, bearing a 
very flat, broad pod, with short, flat seeds, slightly kidney-shaped, one 
of the halves nearly always larger than the other and wrinkled or 

fluted (fig. 3). The Lima 
bean is of excellent quality 
and a favorite shell bean, 
both green and ripe, espe- 
cially in the United States. 
There is also a cultural vari- 
ety of bushy habit. 

SCARLET RUNNER (Phaseo- 
lus mnltiflorns) . 

This species, familiar as 
an ornamental climber but 
seldom used as food in the 
United States, is consider- 
ably used for that purpose 
in Europe, especially in 
England, some varieties be- 
ing often preferred both as 
string and green shell beans to the kidney bean. They are, however, 
inferior to other beans when dry. It seems strange that this hand- 
some climber, of vigorous and rapid growth, should be so little 
known as a food plant. It is used while young and tender in the form 
of string bean. It bears better if the growing points are pinched off. 

PRIJOLE (Phaseolus spp.). 

Another species which sliould be noted as being of local rather than 
general importance is the frijole {Phaseolus spp.) of Mexico and our 
Southwestern Territories, a small, flat bean frequently of a reddish 
brown or light tan color. Various other colors are also found. It is, 
next to maize, the staple food in those regions. It is largely used also 
as a green or snap bean. Either green or dry it is an almost daily 
food with the Mexicans or natives of Spanish-Indian descent. 

It would seem that the dry frijole might well be used farther north. 
Several varieties that have been tried are very good both in soup and 
as a vegetable. 
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OOWPEA (Vigna catjang). 

The cowpea (fig. 4) belongs to the bean family; bnt it is the " field 
pea " of the Southern States. There are several varieties — the " red " 
and " black " varieties, the round " lady " peas, the large " black-eye " 
and " purple-eye," and the variously mottled and speckled " whip- 
poorwill " peas, besides many others. There are both trailing and 
bush varieties. The plant bears a leaf with three leaflets and long 
pods growing in pairs on a long stem. The cowpea has been grown 
for at least one hundred 
and fifty years in our 
Southern States, the seed 
having been brought from 
India or China. It is 
grown both as a forage 
plant and for human food, 
but mainly as a fertilizer 
for the soil (green ma- 
nure) . Considerable quan- 
tities of the cowpea are 
consumed during the sea- 
son, being gathered when 
the pods begin to change 
color and before they be- 
come dry. For winter use 
the dry peas are cooked 
like other dried beans and 
have a very agreeable 
flavor. 

The cowpea requires a 
longer season than the kid- 
ney bean and will seldom, 
if ever, mature in the cli- 
mate of New England. 
But as a dry bean it might 
well be introduced into 
our northern markets on 
account of its distinctive and agreeable flavor. 

SOY BEAN (Glycine hispida) AND ITS PREPARATIONS. 

" The soy bean (fig. 5) is an erect annual plant, with branching 
hairy stems, trifoliate, more or less hairy leaves, rather inconspicuous 
pale lilac or violet colored flowers, and broad two to five seeded 
pods covered, like the stem, with stiff reddish, hairs. The seeds vary 
in color from whitish and yellowish to green, brown, and black ; and 
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in shape from spherical to elliptical and more or less compressed." ^ 
The plant may reach a height of 4 feet or more. 

This leguminous plant, probably native in China, is the most impor- 
tant legume of China and J apan. Its remarkably high percentage of 
-protein (34 per cent) and fat (17 per cent) attracted the attention of 
Europeans some twenty-five years ago. Since that time it has been- 
cultivated to some extent, both in Europe and America, chiefly as a 
forage and soiling crop. In the Orient this bean and the various food 
products made from it are so largely consumed that it is perhaps the 




Fio. 5. — Soy Ijean. 



most important food plant next to rice. The soy bean is eaten to 
a small extent boiled like other beans, but in China and Japan it is 
elaborated into a variety of products, all of which have a high per- 
centage of protein, and when eaten in connection with the staple food, 
rice, which is so deficient in that constituent, hdps to make a weli- 
balanced dietary. Some one of these products is eaten at perhaps 
every meal and by rich and poor alike, especially in the interior of 
these countries, where sea food is not obtainable. One of the most 
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imjportant of these preparations is shoyu, and it is the only one that 
has been introduced to any extent into other countries, where it is 
known as soy sauce. To make it, a mixture of the cooked beans with 
roasted wheat flour and salt is fermented for some years in casks with 
«r a special ferment. The result is a thick brown liquid having a pun- 
gent and agreeable taste. 

There are also several varieties of bean cheese or similar products 
made from this legume which are very important foods. These are 
natto, miso, and tofu. Natto is made from soy beans that have been 
boiled for several hours until very soft, small portions of the still hot 
mass being then wrapped securely in bundles of straw and placed in 
a heated, tightly closed cellar for twenty-four hours. Bacteria, prob- 
ably from the air or the straw, work in the mass, producing an agree- 
able change in its taste. Miso is a fermented product made from soy 
beans rubbed to a paste with barley and salt. 

For tofu, the soy bean, after soaking and crushing, is boiled in con- 
siderable water and filtered through cloth. To the resulting milky 
fluid 2 per cent of concentrated sea brine is added, which, probablj^ by 
virtue of the calcium and magnesium salts present, precipitates the 
plant casein, which is then pressed into little snow-white tablets. It is 
made fresh every day. Tofu is sometimes cooked in peanut oil before 
it is eaten. In natto and miso the action of minute organisms plays 
an important part. In tofu there is no such action. The composi- 
tion of a number of these products is as follows : 



Table 1. — Composition of food products made from soy tyeans. 
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LABIiAB BEAN (Dolichoslablab) AND OTHEB XnSlGOTinS.OTSt VARIETIES. 

There are several kinds of beans which, though articles of diet in 
Oriental countries, are used onh^ to a limited extent in the United 
States, usually by Chinese or other residents of foreign birth or 
>^i^ extraction. Lablab beans {Dolichos Idblah) ; asparagus bean {Doli- 
chos sesquipedalifi) , and mungo bean (Phaseolus nitmffo), may Jbe 
mentioned. The green pods of the asparagus bean (fig. 6) are largely 
used as a snap bean. The pods are long, containing 10 to 16 seeds, 
more slender than string beans, and slightly ridged along the middle 
of the two valves. Under the name of " tou kok " this vegetable is 
cultivated by the Chinese in some regions of California, and is said to 
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be finding favor with the white residents, being considered a valuable 
variety of snap bean. 

LOCUST BEAN (Ceratonia siliqua). 

There is still another bean a\ hich may be said to be among our local 
food products since the pod is regularly found in a dried state on the 
confectioner's stands and sold under the name of St. John's bread. 
It is the carob or locust bean {Ceratonia siliqua) , grown on the shores 
of the Mediterranean Sea as food for cattle. It is also eaten to a con- 
siderable extent by the poorer people. The ripe seeds are surrounded 
by a sweet mucilaginous pulp of agreeable flavor. When dried the 




FiQ. 6.— Asparagus bean. 



sugar content is as high as 50 per cent. Similarly, portions of the 

pods of the so-called honey locust {Gleditschia triacanthos) are also 
eaten to a limited extent in this country. 

THE PEA. 

The pea was originally from a. more northern clime than was the 
bean, and it has probably been cultivated from very early times, 
although it does not seem to have been known to the Greeks and 
Romans. It appeared in Europe in the Middle Ages, but it was not 
cultivated in England even in the time of Elizabeth. Fuller says 
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that peas were brought from Holland and were accounted " fit dain- 
ties for ladies, they came so far and cost so dear." From the market 
gardener's point of view, the pea is the most important of the legumes. 
In this country and in Europe great quantities are consumed in the 
green or unripe state, and in Europe the dried or " split " pea is as 
largely used as the dry bean ; with us it is less popular. 

FIELD PEA (Pisum arvense). 

The field pea has few varieties. It has in general colored blossoms 
and the seeds are more or less spotted with brown. The field pea is 
chiefly used for fodder; but one variety, the Canadian field pea, is 
considerably used as a table vegetable. "When two-thirds groAvn it is 
said to be delicate and well flavored, 
and it has the advantage of a longer sea- 
son than the garden pea. As a dry pea 
it is inferior, as it does not cook soft. 

GASDEN PEA (Pisum sativum). 

The garden pea (fig. 7) has many 
varieties, but they are kept only by 
great care, as they easilj^ revert to the 
original type. The cultivated pea has 
slender, hollow stems bearing compound 
leaves and terminating in tendrils which 
attach to any near object. The flowers, 
generally white, are produced in the 
axils of the leaves and are followed by 
pods containing a number of green seeds 
which are light green when unripe and 
green or white when ripe. 

The garden pea is divided into tough 
podded or shelling peas, tlic only kind in 
general use in this country, and the edi- 
ble podded or sugar peas. Both kinds 
may be tall, dwarf, and half dwarf. 

Shelling peas are again divided into the smooth or round seeded 
and the wrinkled kinds. Many varieties of both have been developed 
by the gardener. There is indeed a useless multiplication of names 
and varieties. 

The edible-podded peas (fig. 8) deserve to be better known among 
us. Many varieties are successfully cultivated in Europe, but here 
as yet they are grown chiefly by amateurs and are hardly in the mar- 
ket. The seed is furnished, however, by most groAvers. This pea has 
a very tender pod, the ordinary parchment-like lining being much 
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attenuated. The pod is thicker and more fleshy than the pod of the 
shelling pea. It is gathered when the pea is just forming and used, 
pod and all, exactly like string beans. Some varieties tested were 
found to be excellent in flavor and texture. 

CEICK-FEA OB GB.AM (Cicer arietinum). 

A shelling pea, practically unknown here, is the chick-pea {Cicer 
arietinum, the garbanzos of Spanish cookery, or the gram of India. 
It is largely cultivated in southern Europe, in Spanish America, and 

many parts of the East, 
especially British India, 
whence it is exported. It 
is a stiff, upright plant, 
covered with hairs and 
bearing inflated pods con- 
taining a few curiously 
shaped seeds; the two 
lobes distinctly marked 
and the germinal point 
very prominent. 

These peas are eaten 
boiled, but more com- 
monly roasted. This 
roasted pea seems to have 
been much in use in Ro- 
man times, the phrase 
fricti ciceris emptor, 
" buyer of roasted chick- 
peas," meaning in conver- 
sation a poor felloAV. 

THE LENTIL (Lens 
esculenta). 

The lentil (fig. 9) is a 
small branching plant 
with delicate pea-like 
Fig. a-Edibie podded or sugar pea. leaves. The Small white 

flowers growing in pairs are followed by flat pods, each containing 
two very flat round seeds, convex on both sides. Unlike the pea and 
bean, the lentil is eaten only when fully ripe. The brown or reddish 
lentil is smaller than the yellow, but of more delicate flavor. 

The lentil is one of the most ancient of food plants, probably one 
of the first to be brought under cultivation by man. It has been 
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grown from early times in Asia and in the Mediterranean countries. 

The reddish Egyptian lentil probably furnished the " red pottage 
of Esau. In Europe this legume is far less grown than the pea and 
bean, partly because its yield of seed and straw is less ; therefore the 
market is partially supplied from Egypt. The lentil, according to 
analysis, is one of the most nutritious of all the legumes, but its flavor 
is pronounced and to some persons not as agreeable as that of the pea 
and bean. It has some- 
times been claimed that in- 
digestion and other bad ef- 
fects followed the eating of 
lentils, but this impression 
is known in some cases to 
be traceable to the use of 
certain poisonous vetches, 
whose seed much resembles 
the lentil. There is every 
reason to consider the len- 
til a wholesome food. Un- 
til recent years the lentil 
was little known in the 
United States, but with 
the growth of the foreign 
population its use has 
steadily increased. The 
lentils found in our mar- 
kets are all imported, but 
the culture of this legume 
with European seeds is 
being tried in the south- 
western United States and 
elsewhere. There is al- 
ready grown in New Mex- 
ico and Arizona, as well as 
in Mexico, a small variety 
of lentil, the seed of which 
was doubtless brought from Spain centuries ago by the ancestors of the 
present mixed race living there. The sandy soil of moderate fertility 
seems adapted to it ; it has become acclimated, is hardy and prolific. 

THE PEANUT (Arachis hypogfea). 

The peanut (fig. 10) is so different in appearance from the bean and 
pea and is put to such different uses that it is seldom thought of as a 
legume, but a study of the growing plant immediately shows the 
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Fio. 9.— Lentil. 
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resemblance. Here we see the same struggling, more or less trailing, 
annual, with characteristic leaves, and the butterfly-shaped blossom, 
whose ovary develops into a seed pod. The manner of growth from 
this point is very peculiar; as the flower withers the stalk or spike of 




Fio. 10. — Peanut. 



the ovary rapidly lengthens and pushes into the ground, so that the 
pod is matured beneath the surface, but if the spike is prevented from 
doing this it soon withers. Other names for this plant are the earth- 
nut, ground nut, ground pea, goober, and pindar. "V^Tiere the peanut 
originally grew is uncertain. It is now widely distributed in tropical 
and subtropical countries, Africa and our own Southern States pro- 
ducing most of the crop. 

NUTRITIVE VAITJE OF THE LEGUMES. 

The different kinds of legumes are so similar in their general char- 
acterj nutritive constituents, and digestibility that in these respects 
they may be treated together. Even in an immature state, as green 
peas and beans, they are, as regards composition, equal or superior in 
nutritive value to other green vegetables, and the ripened seed shows 
by analysis a very remarkable contrast to most of the matured vege- 
table foods, as the potato and other tubers, and even to the best 
cereals, as wheat. This superiority lies in the large amount of nitro- 
gen in the form of protein that they contain. 
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A comparison of some of the more common fresh and dried legumes 
with other food materials is shown in the following table : 

Tabie 2. — Gomposition of fresh and dried legumes compared with that of other 

foods. 
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K ft 


2, 825 


^^ried iGgumesi 














Lima beans 


10.4 


18.1 


1.5 


65.9 


4.1 


1 6^ 


Navy beans 


12.6 


22.5 


1.8 


59! 6 


8.5 


1^606 




i , 0 


21 9 


1. 0 


DO. 1 




1, 695 




8.4 


25! 7 


1.0 




5.7 


1,620 




9.5 


24.6 


1.0 


62.0 


2.9 


1,655 




13.0 


21.4 


1.4 


60.8 


3.4 


1,590 


Soy beans 


10.8 


34.0 


16.8 


38.7 


4.7 


1,970 


Peanuts 


U.8 


12.4 


6.7 


63.3 


2.8 


1,690 


9.2 


25.8 


38.6 


24.4 


2.0 


2,560 


St. John's bread (carob bean) a 


15.0 


6.9 


1.8 


75.3 


2.5 


1,665 


Potatoes 


78.3 


2.2 


.1 


18.4 


1.0 


385 


Cabbage 


91.5 


1-.6 


.8 


5.6 


1.0 


146 




94.3 


.9 


.4 


3.9 


.5 


105 


Rolled oats 


7.7 


]fi.7 


7.3 


66.2 


2.1 


1,860 


Wheat breakfast foods 


9.6 


12.1 


1.8 


75.2 


1.3 


1,700 


Spring-wheat flour 


12.3 


11.7 


1.1 


74.5 


.4 


1,650 


Winter-wheat flour 


11.9 


10.7 


1.0 


75.8 


.6 


1,650 


Lean beef 


70.0 


21.3 


7.9 




1.1 


730 


Dried beef 


54,3 


30.0 


6.5 


.4 


9.1 


840 


Milk 


87.0 


3.3 


4.4 


5.0 


.7 


326 


Cheese 


34.2 


25.9 


33.7 


2.4 


8.8 


1,950 


Butter 


11.0 


1.0 


85.0 




3.0 


3,605 


Eggs 


73.7 


14.8 


10.5 




1.0 


720 







ti European analysis. 



Fresh string beans, sugar peas, and shelled peas, like other fresh, 
succulent vegetables, contain considerable water, which, with the mate- 
rials dissolved in it, forms the plant juice. They somewhat resem- 
ble cabbage in percentage composition. Fresh shelled beans, peas, 
and cowpeas contain a fairly large amount of protein or nitrogenous 
material, the nutrient which serves to build and repair body tissue as 
well as to furnish energy. They also contain considerable carbohy- 
drates and small amounts of fat, both these classes of nutrients serv- 
ing to supply the body with energy. The amount of ash or mineral 
matter in the lugumes varies in amount. It doubtless serves the same 
purpose in the body as mineral matter found in other food materials. 
The canned legumes, which are simply cooked foods sterilized and 
kept in such a way that they can not ferment, resemble in composition 
the same materials uncooked. The dried legumes contain some water, 
though to the eye they seem to be perfectly dry. They contain a 
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high percentage of protein, in this respect surpassing the other seeds 
commonly used as food, such as wheat. They approach animal foods 
as regards protein and total nutritive value, most of the legumes con- 
taining carbohydrates in place of the fat found in animal foods, 
though the proportion of fat may be high, as shown by the soy bean, 
with 17 per cent, and the peanut, vfith about 40 per cent, or even more. 
However, the relative proportion of fat and carbohydrates in food 
may vary within rather wide limits, since these food constituents 
serve the same purpose in the body, although the fats yield two and 
one- fourth times as much energy per pound as carbohydrates. 

The fat " of beans when extracted is a light yellow oil resembling 
olive oil in appearance, which solidifies readily at a low temperature 
and becomes liquid again on warming. The fat of other beans would 
doubtless be more or less similar in its properties. Soy-bean oil is 
extracted and finds important uses in China and Japan. Peanut 
oil is extracted in large quantities and is an important commercial 
product. It is spoken of on page 35. 

The carbohydrate group in beans, and doubtless in other legumes 
also, is in general made up of starch, sugar, and crude fiber. It is 
worthy of note that soy beans when well ripened contain little if 
any starch and on this account they have been recommended for the 
use of diabetics. The ash of legumes contains similar mineral con- 
stituents to those of other plants. It has been found that both iron 
and potassium are specially abundant in bean ash, one authority stat- 
ing that about 80 per cent of the ash of beans is potassium phosphate. 
The proportion of ash is in general relatively large. 

NirnOGENOUS CONSTITUENTS. 

Vegetable foods are nearly all rich in starch and other carbohy- 
drates, which supply an abundance of carbon to the system ; but they 
contain, in general, comparatively little nitrogen, an element that is 
of first importance in a dietary. Therefore, the very large percentage 
of this constituent found in the legumes constitutes for us their special 
interest, and the true nature of the compounds in which this nitrogen 
exists is also of the utmost importance. 

Most of the nitrogen found in the pea, bean, and lentil is in a form 
very useful as food. It was called by Liebig " plant casein," on 
account of its general resemblance to the casein of milk. Although 
its action as a food is similar to the nitrogenous matter of other vege- 
tables, it is markedly different in some of its characteristics from, for 
instance, the gluten of grains. Pea and bean flour will not form a 
dough with water and can not be used alone for making porous bread. 

oBean oil Is made up of the trlglycerids of fatty acids, and contains consid- 
erable quantities of lecithin and sulphur. 
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DIGESTIBILITY OF THE BEAN, PEA, AND LENTIL. 

Judged by the chemical analysis alone, we should give legumes the 
very highest place among foods, containing, as they do, more protein 
than the best cuts of meat, and in some cases a large percentage of 
fat, besides a considerable amount of starch. Pound for pound, they 
would thus be more valuable than meat or our best cereals. Forty 
years ago they were announced by Moleschott as " true treasure 
houses for the renewing of our blood," being equal in their albumen 
content " peas to veal, beans to flesh of doves, while lentils left every 
kind of meat far behind." 

Experiments on men and animals soon made it evident, however, 
that the true value of a food does not depend alone on the contained 
nutrients, but also on the ease and completeness with which the sys- 
tem utilizes these nutrients, since, to use the old adage, " Man lives 
not by what he eats, but by what he digests." Voit pointed out as 
early as 1869 that vegetable foods in general were less completely 
digested than animal foods, for three reasons : 

(1) As generally prepared and used, the nutrients of vegetable foods 
are inclosed in cells composed of cellulose or woody fiber, which is 
more or less hard and greatly interferes with their absorption. 

(2) Vegetable food is prone to fermentation in the intestines, thus 
increasing the peristaltic movements and, if large amounts are eaten, 
hastening the food onward before there has been sufficient time for 
the absoption of its contained nutrients. 

(3) The cellulose present acts as a local irritant and produces the 
same effect. 

PRACTICAL EXPEREENCE. 

Practical experience, reaching to ancient times, testifies that beans, 
peas, and lentils are " hearty food." To quote the physician Galen, 
" they are harder to digest than other foods and give bad dreams." 
There is a general opinion that while they are suitable for robust 
people leading an active, outdoor life, indispensable to the soldier's 
outfit and to the logging camp, welcomed by the hunter and woods- 
man, and" a necessary part of the food of the hard-working poor, they 
are, on the other hand, unsuitable for people leading a sedentary life, 
and are generally to be avoided by the invalid and convalescent. 
Such persons often complain of distress after eating beans, especially 
if the skins have not been removed, and of a disagreeaBle evolution 
of gas in the intestines, testifying, as it does, to the fermentability of 
this class of vegetables. These foods are, tliereforc, called " indigest- 
ible," by which is meant in common speech that they give distress or 
that we are unpleasantly conscious of the digestive process. These 
symptoms, however, do not in general indicate anything as to the 
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extent to which the contained nutrients of a food are absorbed or 
used in the system. When eaten in reasonable amount by persons in 
health, it is doubtful if they give rise to unpleasant symptoms. That 
no bad results attend their use is shown by the important place they 
have held in the diet since early times. 

liABOBATOBY EXFEHIMENTS. 

Hoffman fed a man bread, lentils, and potatoes sufficient for his 
full nourishment and found that 47 per cent of the contained protein 
left the system unused. Of meat containing the same amount of pro- 
tein, only 17.7 per cent was unabsorbed by the same person. 

Woroschiloff, in comparing the digestibility of lentils Avith meat, 
found that from two to three times as much of the protein of the meat 
Avas utilized in the system as of the legume. 

A very careful study was made by Striimpell of the extent of the 
digestibility of legumes. According to the results it would seem to 
depend largely on the form in which they are eaten. "VVlien he ate 
250 grams (about three-fifths of a pound) of beans cooked as they 
ordinarily are, whole and without removing the skins, 40 per cent of 
the contained protein was unabsorbed or four times as much as in the 
case of meat. On the other hand, when he used " Leguminosenmehl," 
a prepared food consisting chiefly of lentil flour, only 8.2 per cent of 
the contained protein was unabsorbed. This equals the average 
digestibility of meat. As pointed out by other workers, this is, how- 
ever, not a fair showing, since in order to eat enough of this lentil 
flour to even partially meet the conditions of the experiment he was 
obliged to make it up into cakes with milk, eggs, and butter, and the 
extent to which the nutrients of the legume were absorbed Avas, doubt- 
less, much increased by the presence of stimulating animal foods. 

Eubner, one of the later observers in this field, found a man who 
was able to eat for a few days enough cooked dried split peas (about 
1.1 pounds) to fully nourish him Avithout help from other kinds of 
food, peas being selected because he liked them better than beans or 
lentils. Even with this large quantity only 17 per cent of the con- 
tained protein Avas unal^sorbed. It may be said that this robust indi- 
vidual does not represent the normal feeder, but the aim in this case 
is to show a comparison between this and other foods. The same man 
failed to use in the system 11 per cent of the contained protein of 
macaroni. * 

In some experiments recently reported by Richter the digestibility 
of peas was studied. The peas AA'ere cooked until soft and then 
passed through a sieve, some 600 grams of the puree being eaten per 
day. When cooked in distilled water the coefficients of digestibility 
■were: Dry matter 92 J, protein 89.8, fat 87.6, and ash 81.1 per cent. 
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\Vlien cooked in hard water the coefficients were: Dry matter 91.1, 
protein 83.4, fat 58.9, and ash 51.8 per cent. As will be seen, the peas 
cooked in distilled water were the more thoroughly digested. It was 
also noted that the peas cooked in distilled water caused less digestive 
disturbance than those cooked in hard water. 

In digestion experiments made at the Minnesota Experiment Sta- 
tion by Snyder baited beans formed a considerable part of the diet of 
healthy men engaged in fairly severe muscular work. The beans 
bad been soaked in soda and water to remove the skins and were 
baked in the usual way, butter being added. The raw beans used 
had practically the composition indicated by the average figures in 
the table on page IT. The cooked beans naturally contained much 
more water (some 70 per cent) and fat (from 3 to 10 per cent) than 
the raw beans. When eaten with bread and milk it was found that 
on an average 91 per cent of the dry matter, 80 per cent of the protein, 
80 per cent of the fat, and 96 per cent of the carbohydrates of the 
baked beans were digested. When eaten with a diet furnishing con- 
siderably more fat somewhat higher values were obtained. It was 
noted that the carbohydrates were more digestible than any of the 
other nutrients. The protein was more variable than the other con- 
stituents in digestibility, ranging in different tests from 72 to 87 
per cent. 

Considering the experiments as a whole, it is evident that the beans 
were quite thoroughly digested. It is undoubtedly true that different 
individuals vary in regard to their ability to digest beans, but it 
seems fair to conclude that when properly combined with other foods 
they should not be considered indigestible. As pointed out by 
Snyder, beans are slow of digestion and require more intestinal work 
than many foods, but when projierly combined with other materials, 
so that they form a fair part of the ration, the work of digestion is 
more evenly distributed than when they are used alone or in very 
large amounts. In using beans in the dietary they are frequently 
eaten in excessive quantities at irregular intervals rather than in 
reasonable amounts combined with other foods as a regular part of 
the ration. It seems fair to conclude that when used in the diet in a 
reasonable way no difficulty is experienced in digesting beans. 

FliATTTLENCE. 

It is a matter of common experience that after eating legumes in 
any quantity there occurs what is known as flatulence or the formation 
of gas, largely methan, in the intestines. This is not confined to 
people of delicate digestion, although it is to them more distressing, 
nor does it seem to have anything to do with the extent to which the 
nutrients of the food are used in the system. Experiments with ani- 
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mals indicate that the formation of methan is entirely due to bacterial 
action on carbohydrates in the intestines. Kubner's man AA'ho digested 
so well the large amount of peas above cited complained very much of 
this disagreeable accompaniment. In India the mungo bean is 
highly esteemed and is eaten by the rich and by sick people, but 
always " with a seasoning of asafetida to prevent flatulence." 

^^^en beans arc soaked in soda and water and parboiled to remove 
the skins some of the germ is also removed. The opinion has been 
advanced that the skins and germs are the parts of the bean which 
are the most fermentable and produce gaseous products during diges- 
tion. Snyder, who has made a number of studies with beans, con- 
siders that treatment with a small amount of soda and salt in cooking 
is an advantage since it hinders the formation of gas. 

DIOESTIBILIIY IN MODEBATE QUANTITIES. 

The digestibility of legumes is thought to be largely a question of 
preparation and amount eaten, as indicated above. Properly pre- 
pared and eaten in moderate quantities, peas, beans, and lentils can 
not be called indigestible in the ordinary sense of the word. The 
entire removal of the skin by sieving is to be recommended in the 
case of persons with whom they seem to disagree. 

As to the extent of the digestibility of the contained nutrients when 
eaten with the above restrictions, they are probably as well used as 
those of other vegetable foods, but less so than the nutrients of meat. 
It should be remembered that a due amount of nonabsorbable or 
refuse matter is necessary in the food to insure the healthy action of 
the intestine, and it would be a great mistake to substitute, as a gen- 
eral thing, highly condensed foods for those containing some cellu- 
lose. None but the most hard}? people could use the legumes as their 
sole source of nitrogenous food, since for that purpose 18 ounces 
daily of dried peas or beans would be necessary for a laboring man, 
an amount which could bo furnished in not less than 6 pints of thick 
soup; but this fact has nothing to do with their use in moderate 
amounts, and there is almost no dietary in which they may not profit- 
ably find a place. 

In Snyder's experiments at the Minnesota Experiment Station over 
a pound of baked beans was consumed per day by men engaged part 
of the time in active oiitdoor work. It is his opinion, however, that 
ordinarily net more than 6 ounces of baked beans, equivalent to 4 
ounces of uncooked beans, should be consumed in the daily ration. 
While beans are a valuable food, there are, as pointed out by Snyder, 
certain limits to their advantageous use in the dietary. The nutrients 
in beans are different in character from the same classes occurring in 
cereals and other vegetable foods and are apparently not as readily 
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digested as those of many of the cereals, hence, beans are more suit- 
able for persons engaged in active outdoor work than for those of 
sedentary habits. However, wlien properly cooked they need not be 
excluded from the dietary of those engaged in light muscular exer- 
cise, though they should not form as large a part of the ration as in 
the case of active workingmen leading outdoor lives. 

It is well known that baked beans are a very important article of 
diet in lumber camps. Some recently published studies by Woods 
and Mansfield, carried on with lumbermen in the Maine woods, are of 
interest in this connection. The diet was made up of a few staple 
foods, such as bread, salt pork, beans, corned beef, salt fish, some 
vegetables, a few simple cakes and other pastry, molasses, and tea. 
Considering the average of six digestion experiments, it was found 
that baked beans furnished about one-third of the total protein and 
about one-eighth of the total energy of the diet. Although so large 
a proportion of the nutrients came from beans, the diet seemed to 
be well assimilated, on an average 85 per cent of the protein, 97 per 
cent of the fat, 98 per cent of the carbohydrates, and 88 per cent of 
the ash being digested, and 93 per cent of the fuel value of the diet 
being available. 

BIGESTIBILITY OF PEANUTS. 

The peanut is remarkable among the legumes for its large propor- 
tion of fat (39 per cent) and its resemblance in taste and use to the 
true nuts, and, indeed, it is popularly classed with the nuts. At pres- 
ent there is a good deal of interest in nuts as food, and perhaps on 
this account peanuts in the form of peanut butter (see p. 35) and in 
other forms are used to a greater or less extent as articles of diet by 
many families. That it is perfectly possible to provide a diet in 
which the bulk of the protein is furnished by peanuts or other nuts 
is shown by the results of some recently published experiments car- 
ried on by Jaffa at the University of California. The men studied 
lived in health on rations composed largely of nuts and fruits, pea- 
nuts being used in several cases. It should be borne in mind, how- 
ever, that experience does not indicate that a diet restricted to such 
foods possesses the marked advantages which some of its advocates 
have claimed. It is worth noting that in the southern United States 
and other resgions where peanuts have been long cultivated they have 
not come to be staple articles of diet but have remained food acces- 
sories for occasional use. 

Few experiments have been made to show how thoroughly peanuts 
are digested. In connection with his investigations, Jaffa studied 
the digestibility of a ration made up of peanuts and Japanese per- 
simmons with small amounts of a cereal breakfast food, olive oil, 

121 



2« 

tomatoes, and milk. In round numbers, 87 per cent of the protein, 
per cent of the fat, and 90 per cent of the carbohydrates eaten 
were digested, and 85 per cent of the energy of the ration made avail- 
able. When the daily fare consisted of peanuts, apples, and dates 
with small amounts of other food as before, the coefficients of digest- 
ibility were much the same. These figures would indicate that the 
peanuts were quite thoroughly digested. 

There are many persons who find that roasted peanuts eaten in 
any quantity are indigestible in the sense of bringing on pain or dis- 
tress. This is probably on account of their rich concentrated charac- 
ter, though sometimes this distress seems to be due to eating peanuts 
which are roasted until they are very brown. It seems to be a fact 
that when peanuts are eaten in connection with other food, as bread, 
the ill effects are less marked. Furthermore, they should always be 
thoroughly masticated. 

EXTENT TO WHICH LEGUMES ABE USED IS DIETABIES. 

Since, as we have seen, peas, beans, and lentils contain as much 
protein as meat, and no other vegetable foods can approach them in 
this regard, we need not be surprised to learn that they are exten- 
sively used among all people who, either from necessity or from 
choice, eat little or no meat. This is but one of many instances of a 
wise choice of food made long before exact knowledge was able to 
give the reason for it. 

Some food rich in protein will be found in the daily diet of all 
peoples. The Mongol eats witli his rice, which is largely starch, small 
quantities of fish, fish eggs, and goose livers, but for his supply of 
proteid material he relies on his different preparations of bean cheese 
and on soja sauce made from the so}^ bean. The Mexican, whose sup- 
ply of meat is scanty and of a poor quality, uses the native bean 
or frijole at almost every meal, made into a stew with vegetables and 
perhaps shreds of stm-dried beef, well spiced with the chili or red 
pepper. The cooking is said to be done now in the unsightly Ameri- 
can tin can (in this case a lard or kerosene can), which has almost 
supplanted of late years the primitive earthen pot described by 
travelers. The bean stew or porridge, with the tortilla or cake of 
ponnded corn, makes up the bulk of his food. The puchero or daily 
stew eaten by the poorer class of Spaniards has lentils for its basis, 
and with the Bedouins and other Asiatic people the porridge of lentils 
is in constant use. Church mentions twenty species of legumes, some 
having many varieties, that are raised in India, and there they form 
not an occasional but a staple food among a people who, both by 
poverty and by religious scruples, are prevented from eating meat. 
There is a Hindoo proverb, " Eiee is good, but lentils are my life-'- 
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The Eoman proverb, " The poor man grown rich no longer delights 

in lentils," intimates that though indispensable to the man of slender 
purse their too familiar flavor was gladly exchanged for the more 
expensive dish when it could be afforded. The legumes have been 
called the " meat of the poor." Nitti, an Italian Vvriter, tells us that 
the Neapolitan bricklayers, restricted by their scanty wages to cheap 
food, but requiring food that is rich in protein, condemn themselves 
to a daily diet of kidney beans, a vegetable which is at the same time 
the cheapest and the richest in protein. With the Hindoo the lentil is 
reputed to have groat staying power, and it is a favorite food among 
those who .^re to undertake long journej^s. Parched as we parch corn, 
it is much esteemed in Egypt and Syria for this purpose. Arabs feed 
their horses ground beans to prepare them for extraordinary 
exertions. 

In early days in the New England States the woodcutter who went 
out for a day's work in the woods in winter almost always took with 
him " bean porridge," i. e., beans that had been cooked to the con- 
sistency of a thick mush and then frozen in bowls. In each bowl had 
been placed a string, which served to lift out the contents. By the 
help of the camp fire the frozen cooked beans were again made into 
porridge. 

In the dietary studies made in connection with the nutrition inves- 
tigations of the Office of Experiment Stations of the United States 
Department of Agriculture and the earlier work from which this 
inquiry developed, calculations were made showing the proportion of 
total nutrients furnished by a number of the principal classes of 
foods. Taking the average of some fourteen studies with professional 
men of varied income and living in different regions, dried legumes 
constituted 0.6 per cent of the total food and furnished 2.1 per cent of 
the total protein of the diet — a small amount when their high food 
value is considered. Wheat flour furnished 8.4 per cent of the total 
food and eggs 2.2 per cent, or 17.1 and 4.9 per cent, respectively, of 
the total protein. Considering the average results of fourteen dietary 
studies with mechanics' families and ten farmers' families, dried 
legumes furnished 1 per cent of the total food material and 3 to 4 per 
cent of the total protein, the proportions furnished by wheat, flour, 
and eggs being somewhat greater than in the case of the dietaries of 
professional men. In studies of the food eaten by Maine lumbermen 
it was found that baked beans furnished 20 to 33 per cent of the total 
protein and 10 to 14 per cent of the total energy of the diet. (See 
p. 25.) The native inhabitants of the southwestern United States 
and Mexico are reported to consume large amounts of frijoles and 
other legumes. The average of four dietary studies of Mexican 
laborers living in New Mexico shows that these materials furnished 

121 



28 



9.4 per cent of the total food and 21.3 per cent of the total protein. ■ 
In this case eggs furnished only 0.8 per cent of the total food and 1.6 
per cent of the total protein, while wheat flour furnished 12.3 per cent 
and 21 per cent, respectively. In the case of professional men, 
mechanics, and farmers the total amount of dry legumes used was 
small, and in view of the high food value, palatability, and low cost of 
this class of foods it might have been profitably increased. 

PEEPAEATION OF LEGUMES FOR FOOD. 

Since legumes are to be counted among our cheapest and most valu- 
able food stuffs, if their contained nutrients can be digested, their 
choice and preparation is a matter of importance. The legumes are 
used— 

(1) Chiefly for the tender pod, which for this purpose must be 
gathered when the seed is less than half grown. Such are the string 
bean and sugar pea. 

(2) The nearly grown but unripe seed, as the " shell " bean and pea. 

(3) The fully ripened seed, as the dried bean, pea, lentil, and pea- 
nut. 

(4) The flour or meal made by grinding the fully ripe seed — bean, 
pea, or lentil, and the " butter " ground from the peanut. 

STKING BEANS AND StTaAB. PEAS. 

French beans {haricots verts), snap or string beans, are the imma- 
ture fruit pods of several varieties of the kidney bean, both the dwarf 
and the climbing. The be'st have little or no " string," some requir- 
ing no preparation for cooking. They must be freshly gathered and 
so young that the beans are hardly noticeable when they are cooked. 
After the string, if present, is removed, the pods are cooked, either 
whole or broken into bits. The German method is to cut them trans- 
versely a few times or " whittle " them. This seems to shorten the 
time of cooking and to allow of better distribution of seasoning. 
They are then boiled in salted water and drained, or the water may be 
thrown away after a few moments of boiling, the beans being then 
stewed in as little water as possible and the seasoning added when 
they are half done. 

When the beans form the main dish of the meal, a piece of fat meat 
is often cooked and eaten with them. When the bean of most varie- 
ties is more than half grown the pod is no longer tender enough to be 
cooked in this way. String beans that must be cooked from one to 
two hours are not worthy the name. Wlien young enough and freshly 
gathered they will cook tender in twenty to forty minutes. There are 
a few varieties of which the pod is tender until nearly ripe. Sugar 
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peas RFe cooked in the same way as string beans. After the pods are 
full grown they become tough, but furnish a good quality of shelled 
peas. 

Salted beans. — String beans are sometimes salted for winter use. 

They can be kept thus for months, and during the time a bacterium is 
at work effecting a change somewhat similar to that brought about by 
the fermentation of sauerkraut. The vegetable fiber is softened and 
certain flavors developed by the process. Thus preserved they are a 
favorite winter vegetable among the Germans. Before cooking they 
are soaked over night to remove the salt. Shredded string beans are 
also dried or desiccated and are much used by armies and expeditions. 

String beans and sugar peas or edible-podded peas, eaten as they 
are for the pod rather than the seed, fall in much the same class with 
spinach, cabbage, etc. They contain relatively little nourishment in 
proportion to their bulk and are valuable chiefly for their Fgreeable 
flavor, the salts contained in them, and the healthful variety given to 
the diet. 

SHELL BEANS AND OKEEN PEAS. 

Immature or green peas and beans freed from the pod are a highly 
valued article of diet in almost ail countries. They contain a good 
proportion of proteid material and starch. The cellulose, so woody 
in the ripened seed, is still tender and easily cooked and the flavor is 
excellent. The method of preparation is very simple. They must 
be freshly gathered and shelled, as they deteriorate rapidly in flavor 
and each hour that passes after their removal from the vines increases 
the length of time necessary for their cooking. They should be stewed 
rather than boiled, the water being reduced to only enough to moisten 
them, and the seasoning, including a generous quantity of butter, 
added while the beans or peas are only half cooked. A sprig of mint 
added to green peas v^^hen cooking is liked by some; but it may be 
said in general that so delicate a flavor as that of green peas should 
not be covered by any strong or pungent additions. The French have 
a special dish, haricots verts panaches, or " variegated " green beans, 
which is a mixture of the young shelled bean with string beans. 

To preserve the flavor, green beans, peas, and string beans should 
not be overcooked. If cooked only until tender they retain their 
attractive color. When overcooked they turn yellow or brownish 
and are much less palatable. 

CANNES BEANS AND FEAS. 

Beans and peas are canned in large quantities. It would seem that 

the process might be improved, since much of the tastelessness of 
canned peas is said to be due to the fact that the water in which the 
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peas are boiled is thi'own away in the process of " blanching." Canned 
beans and peas are simply preserved, cooked foods having, in general, 
the same composition as those that come freshly cooked to the table. 

DRIED PEAS, BEANS, AND LENTILS. 

Green peas and beans are often to be classed among delicacies, but 
we have in the ripened seed a standard food for all classes. Like the 
grains, they have good keeping qualities and can be combined with 
other materials into a variety of palatable dishes. Only fat is needed 
to make of beans and peas a complete food in the sense that the com- 
bination furnishes the proportion of protein, fat, and carbohydrates 
required by the accepted dietary standards. Hence the popular com- 
bination of beans and peas with fat meat, as pork and beans, bacon 
and peas, and corned beef and beans. 

duality. — A well-dried bean is smooth and shining ; one poorly 
dried may be of inferior quality, with folds in the skin. The best 
beans are of uniform size, not too small nor a mixture of different 
kinds. The larger are in general preferred because they have a 
smaller proportion of skin, but there are several varieties of small 
beans that bring a high price because they have a thin skin and fine 
flavor. Heavy, well-filled beans bring a higher price, the weight of a 
bushel of different kinds varying by several pounds. The value of 
the dried legume depends finally on whether it will cook soft, and this 
is to be determined for a given lot only by putting a sample to the test. 
The main requirements in the cooking of dried legumes are : 

(1) To so soften and disintegrate the cellulose that the nutrients 
that exist in close connection with it are freed. 

(2) To cook the proteid constituent so as to make it digestible and 
palatable. 

(3) To swell and burst the starch grains. 

(4) To combine with various flavoring matters, as salt, pepper, 
fat, herbs, and butter or fat meat so that the result shall be a pala- 
table dish. 

Different specimens of beans and peas differ with regard to the 
ease with which they are softened in cooking. A German investi- 
gator has attributed this difference in part, at least, to the character 
of the soil and other conditions of growth, and believes that it may be 
controlled to a certain extent by the proper use of fertilizers. How- 
ever, this is a point which is not definitely understood. 

Treatment of the skin. — The first step in the ordinary household 
practice is the swelling and softening of the -legume by soaking in 
water a number of hours, usually not less than eight, and the removal 
of such parts as will not soften by cooMng. Some cooks, however, 
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believe it is not necessary to soak the beans. They cover them with 
hot water and allow them to stand a short time before boiling. The 
first method is to be preferred. 

In the ripened and dried legume the envelope becomes tough and 
leathery; even when cooking lias done its utmost, these skins and hulls 
pass through the intestinal tract quite unchanged. The skin of the 
ripened pea and lentil is easily removed and the " split pea " and the 
lentil, as generally sold, have this decided advantage over the bean in 
the making of digestible soup and porridge. Many kinds of beans, 
however, after proper soaking, may be freed from their skins by stir- 
ring in water. The skins, rising to the top, are then skimmed off. 
The large Lima beans after soaking may easily be slipped out of the 
skin by pressing between the fingers. They can then be boiled and 
served as a vegetable of the consistency of mashed potato — sometimes 
called bean pudding. Peas pudding cooked in the same way is a 
familiar dish. In cooking beans for soup the skins may be separated 
by sieving. 

Many housewives use soda to soften the bean skins so that they can 
be readily removed before baking. Snyder, at the Minnesota Experi- 
ment Station, has reported some investigations which have to do with 
~ this subject. A half teaspoonful (3 grams) of baking soda dissolved 
in 2 quarts of water was used to a poimd of beans. AVhen the beans 
were parboiled before baking some two-thirds of the water and 84 
per cent of the soda were absorbed. The soda retained had probably 
entered into chemical combination with the proteid material of the 
beans. Only 0.66 per cent of the total nitrogen of the legumes was 
extracted by the water used for parboiling them, a loss which is unim- 
portant. The skins removed by parboiling constituted about 6.5 per 
cent of the total dry matter of the beans. As shown by anaylsis, tlie 
^ns contain a relatively small amount of protein and a fairly high 
percentage of crude fiber. As crude fiber is not readily digested by 
man the removal of a considerable proportion of it can not be consid- 
ered a disadvantage. The digestibility of the skins which wera 
removed, as well as that of the beans baked with and without par- 
boiling, was tested by artificial methods, using ferment solutions. 
It was found that treatment with soda and water had a favorable 
effect upon the digestibility and food value of the beans, as it enabled 
the digestive ferments to act moi*e readily upon the protein tlian was 
otherwise the case — that is to say, the beans thus treated were more 
quickly digested. The effect of soda on flavor is sjwken of beyond 
(p. 32). 

Bard v. soft water for boiUng. — Kosutany studied the cooking of 

beans, especially the time required with distilled water, river water, 
Avell water, and water to which either sodium bicarbonate or magnesia 
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had been added. As shown by the amount of water absorbed, the beans 
cooked better in distilled water than in tap water or well water. 
Although the softening was influenced by the lime and magnesium 
content of the water, it was not found to be directly proportional to 
the lime content. The beans cooked more readilj^ when soda was 
added to the water and less readily when magnesia was added. In 
general, fresh beans did not cook as readily as older ones. 

Striimpell in the course of his experiments on the digestibility of 
legumes compared the use of distilled water with that to which a cer- 
tain amount of lime salts had been added. Lentils cooked in distilled 
water took up nearly double their own weight of water and cooked 
soft in one and one-half hours. Some of the same kind of lentils 
cooked in the hard water took up only their own weight of water and 
after boiling for the same length of time only the skins had swollen 
and lay in folds over the kernel, which remained entirely hard. Such 
extreme results would not follow the use of ordinary hydrant water, 
as it is less hard than the artificially hardened water in this case, but 
in proportion as it contains these salts it is unsuitable for the cooking 
of legumes. 

The water for cooking dried legumes, it is agreed by all writers on 
the subject, should not be " hard " water, by which we mean impreg- 
nated with various salts, as lime and magnesia salts, since the legumin 
of the seeds forms with these salts insoluble compounds, with the result 
that portions of the vegetable remain hard, no matter how long they 
are cooked. Eain water is preferable for cooking legumes. 

The question then arises, What is to be done when the only water 
obtainable for cooking is hard water? In most books on cookery it 
is advised to add to the water in which peas and beans are cooked a 
small quantity of baking soda, a teaspoonful to the gallon, since, if 
the hardness is due to calcium carbonate, the soda will remedy it for 
cooking purposes. Just why it is not easy to say. Peas and beans 
cooked in this water are indeed easily softened, but experiment shows 
that the flavor may be injured. If soda is added, it is better to 
boil the water before using. But since the cook has generally no 
means of knowing the degree of hardness of the water and thus the 
exact proportion of soda to be added, it is perhaps better to simply 
boil the water before using and pour it from the sediment. When the 
hardness is due to the presence of the sulphate of lime or magnesia, 
neither boiling nor the addition of soda will avail to make the water 
desirable for cooking legximes. It is often possible to use rain water 
for cooking legumes, and this naturally distilled water is the very best 
for the purpose. The soft water should be used both for soaking and 
cooking. As noted elsewhere (see p. 22), Richter found that peas 
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cooked in hard water were less thoroughly digested and caused more 
digestive disturbance than those cooked in distilled water. The- 
inferior assimilation was attributed in part to the formation of com- 
pounds of the fat and proteids of the peas with the alkaline earth salts 
of the hard water which were not broken down by cooking or by the 
digestive juices, and in part'to the salts present in the hard water. 

Flavor. — Soaking legumes in fresh water seems also to remove a 
certain bitter taste, especially noticeable in lentils, and in Eastern: 
countries lentils are sometimes soaked for days for this purpose. . 

All dry legirmes require a long application of heat, not only to 
soften the cellulose, but to develop the proper flavor; some say as 
long as tweh'^e hours. The difference of opinion on this seems due to- 
a differing estimate as to what is the desired result. The dried pea. 
or bean that has been soaked over night in water may be in one and 
one-half to two hours cooked soft enough to be pressed through a 
sieve, but the tongue can still detect individual grains. To disinte- 
grate and soften absolutely every particle and to develop the best- 
flavor a much longer time is needed. The dish of pork and beans 
baked all night in the New England brick oven, the pea soup slowly" 
cooked for twelve hours, as in some of the special ovens which cook 
food very slowly, are instances of legumes properly prepared. 
Though the amount of protein in beans is large they contain only a 
small amount of fat, and hence the addition of fat in the, form of 
salt pork or butter in preparing them for the table is reasonable, since 
in addition to improving the flavor it makes a better balanced article 
of diet. The flavor of dry legumes is thought by many to be improved, 
by the addition of onions and flavoring herbs or meat broth. Per- 
haps the best, as well as the most common, method of preparing the 
dried pea and lentil is in a thick soup or puree seasoned with salt^ 
pepper, and butter. Beans are also often cooked in this way, although, 
perhaps more frequentlj- served in the United States as baked beans- 

BAKED BEANS, PEAS, AND COWFEAS. 

After a preliminary boiling, beans, peas, and cowpeas may be baked 
in an oven, with various additions thought to improve the flavor, as- 
pork, molasses, etc. The small white or navy bean is quite generally 
used for this purpose, chiefly because its skin is thin and tender, but 
the mode is well adapted to all varieties of beans. It is generally- 
thought that the fat present in such dishes improves their flavor. 

ROASTING. 

"While roasting is almost the only method in use among us in the 
preparation of the peanut, it is perhaps never applied in the United 
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States to the other legumes. The pea and the lentil are roasted in 
the Mediterranean countries and form there a regular article of food. 
In India peas are parched in hot sand. For a people who possess 
only primitive cooking appliances, roasting certainly has the advan- 
tage over boiling. Just as a quantity of peanuts may be roasted with 
a handfuU of charcoal, while at least two hours of stewing are needed 
to soften them, so the chick-pea, as found hy experiment, can be 
parched over coals in a few moments and thus made edible. The 
taste, reminds one of jx)p corn and roasted chestnuts. A slight bit- 
terness is present, due, probably, to the skin, which does not slip 
off in roasting, as does the skin of peanuts. When this skin is 
removed before roasting, as it may be by a half hour's soaking, the 
product is improved. 

Although these roasted legvimes may not be needed as an addition 
to our bill of fare, it is easy to see how valuable they may be to the 
Arab who toils over arid plains or to the native of India in his 
mountain journeys. 

Our common split pea is also palatable when parched. Parched 
peas are too hard for any but the strongest teeth, and, as used in 
India, they are ground and cooked after parching. The roasted 
chick-pea is also used as a substitute for coffee. The roasted peanut 
is spoken of later. 

PEA AND BEAN FI-OXJB,. 

Since it has been shown bj' such investigations as those of Striim- 
pell that the legumes when ground into flour and cooked in soup or 
baked in cakes are much more completely digested than when cooked 
whole, it would seem that bean, pea, and lentil flour, as such, would 
be common in the market. It is, however, offered oiJy in small pack- 
ages mixed with the flour of grains and sold under various trade 
names as a nutritious and digestible food, especially recommended 
for invalids. In preparations for the market it has been cooked for 
a long time under pressure. 

In certain countries of Europe a proportion of bean flour is mixed 
with wheat flour for bread making, especially with wheat which has 
a low percentage of gluten or that in which the gluten has deteri- 
orated in quality because of the sprouting of the grain in wet seasons. 
In such cases an addition of 2 to 4 per cent is thought to improve 
the bread, and 2 per cent, if stamped on the package, is allowed by 
law. 

SOTTP TABLETS AND PEA SATTSAQE. 

Finciy ground peas, beans, and lentils form the basis of many soup 
tablets and condensed foods used extensively by armies, explorers, 
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etc. The best known is the " pea sausage," which did such good 
service for the German troops in the Franco-Prussian war. It was 
invented by a cook, and the German Government bought the secret 
of its preparation. It consists of pea and lentil flour well cooked, 
evaporated, and mixed with a propoi'tion of bacon, the proper sea- 
sonings, and s.me preservative. Mixed with hot water, it made a 
very nutritiovis soup for the soldier. It was found by the German 
army to be invaluable, if used only in emergencies, but its continuous 
use brought on digestive disturbances and the eater soon tired of its 
taste. 

PEANTTTS AND PEANUT PREPARATIONS. 

Of the 4,000,000 bushels of peanuts raised annually in this country 
3,000,000' bushels are used roasted. The remainder of the crop and 
the peanuts of an inferior grade go to the confectioner and appear in 
peanut candy and other confections. Therefore at present the peanut, 
as used among us, is hardly to be considered a food, but, as already 
said, only as a food accessory or luxury. It is quite possible, how- 
ever, that this highly nutritious and cheap product of our Southern 
fields may come to be used in more ways than it is at present, and 
especially in combination with other food materials. 

Peanut butter. — The roasted peanut ground into an oily meal has 
somewhat the consistencj^ of butter and is now marketed under the 
name of peanut butter. Salt is perhaps quite generally added during 
the process of manufacture. Water is also sometimes added — usually 
before serving. Peanut butter is used like other butter to spread on 
bread, for the making of sandwiches, and in the preparation of a num- 
ber of made dishes. Many persons like its flavor when it is fresh and 
of good quality, and it seems fair to say that the use of this and other 
sorts of nut butter is growing. As regards composition, peanut but- 
ter, which is essentially the ground roasted peanut, contains more pro- 
tein and less fat than ordinary butter. Little is known regarding the 
digestibility of peanut butter, but the fine grinding would naturally 
seem to be of an advantage. Judged by Jaffa's experiments with a 
ration containing peanuts, it would be well digested. (See p. 26.) 

Peanut oil.- — At present the American peanut crop is not large 
enough to more than supply the roaster and the confectioner, hence 
the expressing of oil from the peanut has never become established 
here, but in Europe large quantities of the African-raised nut are 
used for this purpose. The shelled nuts contain from 80 to 50 per cent 
of oil. JThe oil is said to be of fairly good flavor, but inferior to 
olive oil. In 1899 some 80,000 tons of the nuts were iised in Marseille 
alone for oil making. The unhusked nuts are passed between a pair 
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of rapidly revolving grooved rollers and the shells and red inner skins 
are then removed by a winnowing process with the use of air currents 
and oscillating sieves. The cleaned kernels are ground and then 
enveloped in fibrous mats and pressed to extract the oil. 

According to Brannt, "the first cold pressure yields 16 to 18 per 
cent of very fine table oil. . The residue is then broken up, moistened 
with water, and again cold pressed, yielding 7 to 8 per cent of more or 
less valuable oil, used for table purposes and burning. The residue 
from this is heated and then pressed, giving 7 to 8 per cent more oil, 
unfit for table use, but used for soap and lubricating." The finer 
grades of oil are sold as salad oil alone or mixed with olive, oil. 

Peanut cake. — When the oil has been pressed from the ground pea- 
nut, the mass remaining, called oil cake, is used for fattening cattle. 
Some experiments have also been made as to its food value for human 
beings. Containing, as it does, 47 per cent of protein and 9 per cent 
of fat and starch, and costing about 5 cents a pound, this food 
attracted the attention of German scientists. The oil cake was 
broken up and cooked a long time in water and eaten as a soup or 
porridge in a hospital. Most of those who tried it ate it with appar- 
ent relish, not once only, but again and again. No effort seems to 
have been made to ascertain to what extent it was digested, and the 
use of the cake does not seem to have passed the experimental stage. 

GOMPARATIVE VALUE OF LEGUMES IN RELATION TO THEIE COST. 

The legumes have been spoken of as economical foods. The table on 
page 37 shows the nutrients and energy furnished by 10 cents' worth 
of the different fresh, dried, and canned legumes commonly eaten in 
the United States. For purposes of comparison similar values are 
included for some of the common animal and vegetable foods. In all 
cases the values are calculated on the basis of the composition of the 
food materials as purchased, and include the usual amounts of inedible 
material (pods, bones, etc.). The prices selected per pound are nec- 
essarily somewhat arbitrary. They are, however, based on actual 
market conditions found in dietary studies and other investigations, 
and are believed to represent a fair range of prices. The legumes, 
although staple foods, have not yet attained the importance of the 
cereal grains, and therefore vary more in price. 
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Table 3.- 



-Nutrients furnished (or 10 cents in legumes anil other food materials 
at certain prices per pound. 



Food zuaterialB as purchased. 



Kidney beans, dried 

Frijoles, dried __ 

Lima beans, fresh, in pod 

Do 

Lima beans, fresli, shelled _ 

Do 

Lima beans, canned _ 

Lima beans, dried 

Do 

String beans, fresh, 20 cents pt^r peclc 
String beans, fresh, 80 cents per peck 
Beans, baked, canned ^ 

Do -. 

Lentils, dried _ _. 

Do 

Peas, green, in pod, 20 cents per jteck 
Peas, green, in pod, 30 cents per peck 
Peas, canned 

Do 

Peas, dried 

Do 

Do 

Cowpeas, green, shelled 

Cowpeas, dried 

Wheat flour 

Do 

Do 

Wheat bread 

Do 

Do... 

Corn meal 

Do.... 

Oatmeal , 

Do....' 

Rice 

Do 

Potatoes, 45 cents per bushel. 

Potatoes, 60 cents per bushel. 

Potatoes, 90 cents per bushel 

Cabbage — 

Do 

Beef, sirloin , 

Do 

Do.. 

Do.. 

Beef, round 

Do 

Do 

Ham, smoked 

Do 

Do.. - 

Salt pork... 

Codfish, fresh 

Do 

Codfish, dried, salt. 

Do 

Eggs, 15 cents per dozen 

Eggs, 26 cents per dozen 

E^gs, 86 cents per dozen 

Milk, 3 cents per quart... 

Milk, 6 cents per quart 

Milk, 8 cents per quart 

Cheese, whole milk ^ 

Do 



Prices 

per 
pound. 



Total 
food 
material. 



Cents. 
5 
i 
3 
4 
6 
8 
6 
4 
6 

a 

3 

. 3 

5 
10 

6 
2 
3 
5 
7 
8 
4 
5 
6 
2 
2 

2.5 

3 



o.rs 

1 

1.5 

4 

5 
10 
15 
20 
2i) 

8 
12 
16 
10 
16 
22 
12 

6 
10 

6 

8 
10 
16. r 
23.3 

1.5 

3 

4 
12 
16 



Founds. 
2.00 
2.50 
8.83 
2.50 
1.67 
1.25 
1.67 

2. ,50 
1.67 
5.00 
8.83 
8.33 
2.00 
1.00 
1.67 
5.00 
3.33 
2.00 
1.43 
3.88 
2.50 
2.00 
2.00 
5.00 
5.00 
4.00 
3. 33 
3.3:! 
2.00 
1. 25 
5.00 
3.33 

3. 33 
2.00 
1.67 
1.25 

13.33 
10.00 
6.67 
2. .50 
2.00 

.66 
. .50 
.40 
1.25 
.83 
.63 
1.00 
.63 
.46 
.88 
1.67 
1.00 
1.67 
1.26 
1.00 
.60 
.43 
6.67 
3.33 
2.50 
.83 



Ten cents will pay for 
Pat. 



Protein. 



Pounds. 

0.45 
.55 
.11 
.08 
.05 
.04 
.07 
.45 
.30 
.11 
.07 
.28 
.14 
.26 
.43 
.18 
.12 
.07 
.05 
.82 
.62 
.49 
.19 

1.07 
. 57 
.i6 

.m 

.31 
.18 
.12 
.46 
.31 
..54 
.32 
.13 
.10 
.24 
.18 
.12 
.04 
.«i 
.18 
.11 
.08 
.06 
.24 
.16 
.12 
.14 
.09 
.07 
.02 
.14 
.08 
.27 
.20 
.13 
.08 
.06 
.22 
.11 
.08 
.22 
.16 



Pound. 
0. 04 
.03 
.01 
.01 
.01 



.01 
.04 
.08 
.02 
.01 
.08 
.05 
.01 
.02 
.01 
.01 



Carbo- 
hy- 
drates. 



Pounds. 
1.19 

1. a8 
.a8 
.25 
.17 
.12 
.24 

1.65 
1.10 
.35 
.23 
.&5 
.39 
..59 
.99 
.49 
.31 
.20 
.14 
2.06 
1.55 
1.24 
.45 
3.04 
3.76 
8.00 
2.60 
1.77 
l.Ofi 
.66 
3.77 

2. .51 
2.25 
1.35 
1.32 

.99 
1.96 
1.47 
.98 
.12 
.10 



It will be seen that at the prices selected the dried legumes furnish 
more protein and energy than almost any food material except cereal 
grains, while the fresh legumes are directly comparable with our most 
nutritious green vegetables. Dried cowpeas at the price noted above 

121 



88 



farnish more protein and energy per pound than any other legumes 
and almost twice as much protein and nearly the same amount of 
energy as wheat flour at 2 cents per pound. Dried kidney beans at o 
cents per pound supply about the same protein and half as much 
energy as wheat flour at 2.5 cents per pound. The facts brought out 
in the above table show the importance of legumes when considered 
from the standpoint of pecuniary economy and go to prove tiiat they 
■may profitably be used to a considerable extent as a source of protein 
when the diet is deficient in this constituent and the income is limited. 

SUMMARY. 

The green or immature pea and bean.a-i'e among our most valuable 
green vegetables and fully deserve the place they now hold on our bill 
of fare. The value of the dried pea, bsaii, and lentil is such that one 
or more representatives are found in every country as a staple food, 
and they have been thus; used from the earliest times. They are espe- 
cially rich in protein, the nitrogenous constituent which forms the 
dilef nutrient of meat, and are thus fitted to take the place of part of 
the meat in the dietary. Since in comparison with their value their 
price is low, they must be considered among vegetable foods as next in 
importance to bread. As compared with the cereals the legumes are (1) 
less completely digested if eaten in considerable quantities; (2) it is 
improbable that thej' can be made into any form of palatable bread, 
and (3) their flavor is less generally liked, and on that account they 
will seldom be made a regular daily food except by people who are 
forced to it by necessity. 

As an occasional food, dried legumes are used in perhaps the ma- 
jority of American families. Properly combined with other foods 
they form a palatable addition to the diet and help to give variety to 
the menu. In view of their low cost and high nutritive value and 
wholesomeness, they may profitably be used even to a greater extent 
than they are at present. 

Care in the preparation of legumes is very important both as 
regards their digestibility and their flavor. 
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FABMERS' BUIiliETINS. 

The following is a list of the Farmers' Bulletins available for distribution, showing 
the number and title of each. Copies will be sent free to any address in the United 
States on application to a Senator, Representative, or Delegate in Congress, or to the 
Secretary of Agriculture, Washington, D. C. Kumbers omitted have been discon- 
tinued, being superseded by later bulletins. 

No. 16. Leguminous Plants. No. 22. The Feeding ot Farm Ani nals. No. 24. Hog Cholera and 
Swine Plague. No. 25. Peanuts: Culture and Uses. No. 27. Flax for Seed and Fiber. No. 28. Weeds: 
And How to Kill Them. No. 29. Souring and Other Changes in Milk. No. 30. Grape Diseases on 
the Facifie Coast. No. 31. Alfalfa, or Luoern. No. 32. Silos and Silage. No. 33. Feach Growing 
for Market. No. 34. Meats: Composition and Cooking. No. 35. Potato Culture. No. 36. Cottonseed 
and Its Products. No. 37. Kafir Corn: Culture and Uses. No. 38. Spraying for Fruit Diseases. No. 39. 
Onion Culture. No. 41. Fowls: Care and Feeding. No. 42. Facts About Milk. No. 43. Sewage Dis- 
posal on the Farm. No. 44. Commereial Fertilizers. No. 45. Insects Injurious to Stored Grain. 
No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting the Cotton Plant. No. 48. The 
Manuring ot Cotton. No. 49. Sheep Feeding. No. 50. Sorghum as a Forage Crop. No. 51. Standard 
Varieties of Chickens. No. 52. The Sugar Beet. No. 54. Some Common Birds. No. 56. The Dairy 
Herd. No. 56. Experiment Station Work — I. No. 57. Butter Making on the Farm. No. 58. The Soy 
Bean as a Forage Crop. No. 59. Bee Keeping. No. 60. Methods of Curing Tobacco. No. 61. Aspara- 
gus Culture. No. 62. Marketing Farm Produce. No. 63. Care of Milk on the Farm. No. 64. Ducks 
and Geese. No. 65. Experiment Station Work— II. No. 66. Meadows and Pastures. No. 68. The 
Black Rot of the Cabbage. No. 69. Kxperiment Station Work — III. No. 70. Insect Enemies of the 
Grape. No. 71. Essentials in Beef Production. No. 72. Cattle Ranges of the Southwest. No. 73. 
Experiment Station Work— IV. No. 74. Milk as Food. No. 75. The Grain Smuts. No. 77. The 
Liming of Soils. No. 78. Experiment Station Work — V. No. 79. Experiment Station Work— VI. 
No. 80. The Peach Twig-borer. No. 81. Corn Culture in the Soutli. No. 82. The Culture of Tobacco. 
No. 83. Tobacco Soils. No. 84. Experiment Station Work— VII. No. 85. Fish as Food. No. 86. Thirty 
Poisonous Plants. No. 87. Experiment Station Work— VIII. No. 88. Alkali Lands. No. 89. Cow- 
peas. No. 91. Potato Diseases and Treatment. No. 92. Experiment Station Work— IX. No. 93. Sugar 
as Food. No. 94. The Vegetable Garden. No. 95. Good Roads for Farmers. No. 96. Raising Sheep 
for Mutton. No. 97. Experiment Station Worlc— X. No. 98. Suggestions to Southern Farmers. No. 
99. Insect Enemies of Shade Trees. No. 100. Hog Raising in tlie South. No. 101. Millets. No. 102. 
Southern Forage Plants. No. 103. Experiment Station Work— XI. No. J 04. Notes on Frost. No. 105. 
Experiment Station Worlc— XII. No. 106. Breeds of Dairy Cattle. No. 107. Experiment Station 
Work— XIII. No. 108. Saltbushes. No. 109. Farmers' Reading Courses. No. 110. Rice Culture in the 
United States. No. 111. Farmers' Interest in Good Seed. No. 112. Bread and Bread Making. No. 113. 
The Apple and How to Grow It. No. 114. Experiment Station Work— XIV. No. 115. Hop Culture in 
California. No. 116. Irrigation in Fruit Growing. No. 118. Grape Growing in tlie South. No. 119. 
Experiment Station Work-XV. No. 120. Insects Affecting Tobacco. No. 121. Beans, Peas, and other 
Legumes as Food. No. 122. Experiment Station Work — XVI. No. 123. Red Clover Seed: Information 
for Purchasers. No. 124. Experiment Station Work — XVII. No. 125. Protection of Food Products 
from Injurious Temperatures. No. 126. Practical Suggestions for Farm Buildings. No. 127. Im- 

gortant Insecticides. No. 128. Eggs and tiieir Uses as Food. No. 129. Sweet Potatoes. No. 131. House- 
old Tests for Detection of Oleomargarine and Renovated Butter. No. 132. Insect Enemies of Grow- 
ing Wheat. No. 133. Experiment Station Work— XVIII. No. 134. Tree Planting in Rural School 
Grounds. No. 135. Sorghum Sirup Manufacture. No. 186. Earth Roads. No. 137. Tlie Angora Goat. 
No. 138. Irrigation in Field and (Jarden. No. 139. Enimer: A Grain for the Scmiarid Regions. No. 
140. Pineapple Growing. No. 141. Poultry Raising on the Farm. No. 142. Principles of Nutrition and 
Nutritive Value of Food. No. 143. The Conformation of Beef and Dairy Cattle. No. 144. Experiment 
Station Work — XIX. No. 145. Carbon Bisulphid as an Insecticide. No. 146. Insecticides and Fungi- 
cides. No. 147. Winter Forage Crops for the South. No. 148. Celery t'ulture. No. 149. Experiment Sta- 
tion Work— XX. No. 150. Clearing New Land. No. 151. Dairying in the South. No. 152. ScaBies in 
Cattle. No. 153. Orchard Enemies in the Pacific Northwest. No. 154. The Home Fruit Gard en ; Prepa- 
ration and Care. No. 155. How Insects Affect Health in Rural Districts. No. 156. The Home Vinevard. 
No. 157. The Propagation of Plants. No. 11)8. How to Build Small Irrigation Ditches. No." 159. 
Scab in Sheep. No. 161. Practical Suggestions for Fruit Growers. No. 162. Experiment Station Work — 
XXI. No. 164. Rape as a Forage Crop. No. 165. Culture of the Silkworm. No. 166. Cheese Making 
on the Farm. No. 167. Cassava. No. 168. Pearl Millet. No. 169. Experiment Station Work— XXII 
No. 170. Principles of Horse Feeding. No. 171. The Control of the Codlmg Moth. No. 172. Scale Insects 
and Mites oil Citrus Trees. No. 173. Primer of Forestry. No. 174. Broom Corn. No. 175. Home Manu- 
facture and Use of Unfermented Grape Juice. No. 176. Cranberry Culture. No. 177. Squab Raising. 
No. 178. Insects Injurious in Cranberry Culture. No. 179. Horseshoeing. No. 181. Pruning. No. 182. 
Poultry as Food. No. 183. Meat on the Farm— Butchering, Curing, etc. 'No. 184. Marketing Live 
Stock. No. 185. Beautifying the Home Grounds. No. 186. Experiment Station Work — XXIII. No. 
187. Drainage of Farm Lands. No. 188. Weeds Used in Medicine. No. 189. Information Concerning 
the Mexican Cotton Boll Weevil. No. 190. Experiment Station Work— XXIV. No. 191. The Cotton 
BoUworm. No. 192. Barnyard Manure. No. 193. Experiment Station Work— XXV. No. 194. Alfalfa 
Seed. No. 195. Annual Flowering Plants. No. 196. Usefulness of the American Toad. No. 197. Im- 
portation of Game Birds and Eggs for Propagation. No. 198. Strawberries. No. 199. Corn Growing. 
No. 200. Turkeys. No. 201. Cream Separator on Western Farms. No. 202. Experiment Station Work — 
XXVI. No. 203. Canned Fruits, Preserves, and Jellies. No. 204. The Cultivation of Mushrooms. • No. 
205. Pig Management. No. 206. Milk Fever. No. 207. Game Laws, 1904. No. 208. Varieties of Fruits 
Eeeommended for Planting. No. 209. Controlling the Boll Weevil In Cotton Seed and at Ginneries. 
210. Experiment Station Work— XXVII. 211. The use of Paris Green in controlling the Cotton Boll 
Weevil. 
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